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Introduction
Stereotypies have been described as behaviors that are relatively invariant, regularly repeated, and without an obvious function (Odberg, 1978) . They can be induced by drugs (Terlouw et al., 1992a) but they can also arise spontaneously in animals kept under certain restrictive environments such as the zoo and lInvited paper presented at the ASAS and Int. Soc. for Appl. Ethology Joint Annu. Mtg., Pittsburg, PA.
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Received August 9, 1992 . Accepted May 26, 1993 farm (see Mason, 1993 for a recent review). It is these environmentally induced stereotypies that will be discussed in the present paper. The sight of animals such as captive bears or closely confined sows performing seemingly motiveless behavior in a highly repetitive way has always had a substantial effect on public opinion (Harrison, 1964) . The power of stereotypies to arouse public sentiment against confinement of animals must be related to the "strange," "out-of context," and in some cases LLbi~arre" nature of the behavior. Scientists studying stereotypies have apparently been similarly influenced by the qualitative differences between stereotypies and other "normal" behavior. Stereotypies are often described as "abnormal," particularly by those involved in the study of environmental stereotypies arising in farm, zoo, and laboratory animals (Cronin, 1985) , yet at present we have no objective and 2816 LAWRENCE AND TERLOUW measurable means of discriminating between normal and abnormal behavior. The accepted defining characteristics of stereotypies (see above) can also apply to behaviors such as "habits," which are generally considered as normal behavior (Mason, 1991 ). The abnormality assumption may then mask the possibility that stereotypies arise in part (perhaps even largely) as a result of processes that "normally" control behavior (Mason, 1991; Rushen et al., 1993) . There is also the danger of the study of abnormal stereotypies becoming a self-fulfilling prophecy. Stereotypies are believed to be abnormal in part because they arise under circumstances in which animals are, for example, thought to be "frustrated" (Odberg, 19781, or "bored" (Wemelsfelder, 1990) or "aroused" (Dantzer, 1986 1. Unfortunately, these processes themselves are difficult to define scientifically, and consequently there is little independent evidence of their involvement in Stereotypies. The potential for circular and unsubstantiated arguments is therefore large.
The concern over the welfare of stereotyping animals and the possibility that stereotypies may serve as indicators of poor welfare (Broom, 1983) has meant that research has concentrated on the association between stereotypies and stress (Wiepkema, 1987) . Another approach to understanding stereotypies, and one that we will adopt in this paper, is to investigate the mechanisms underlying the expression of the behavior. Indeed, although research into the relationship between stereotypies and stress is important in substantiating that stereotypies represent a welfare problem, understanding the behavioral mechanisms of stereotypies, is critical to the elimination of the behavior.
In this paper we will present an argument based on growing empirical evidence that stereotypies in pigs and other animals whose feed intake is restricted, such as broiler breeders, are partially based on the expression of feeding motivation. However, activation of the feeding motivational system does not seem in itself to be a sufficient explanation for stereotypies. We will argue that in addition t o feeding motivation nonspecific processes, such as behavioral arousal, that operate more generally across motivational systems, may have a role in facilitating the repetitious and persistent nature of the behavior. We will largely base our thesis on data from sows because the literature on sows far exceeds that of any other farm animal (Lawrence and Rushen, 1992) . Odberg (1993) has emphasized the importance of determining the fundamental principles that link stereotypies in one circumstance or one species to another, and we will, therefore, also express our opinion on the generality of our argument to other confined nonprimate species.
Origins of Stereotypies

Feed Restriction and Stereotypies
In recent years there has been growing evidence that stereotypies in sows and other species such as broiler breeders are specifically related to heightened feeding motivation resulting from feed restriction. Pregnant sows in the United Kingdom are commonly restricted t o approximately 60% of their ad libitum intake of a standard concentrated sow diet (Lawrence et al., 1988) . Broiler breeders are even more heavily feed restricted receiving approximately 50% of their preferred intake of a standard feed (Savory, 1992) . Feed restriction in farm animals is almost universally achieved by presenting the animal with a concentrate diet in one or two meals a day. The primary reasons for this feed restriction are the prevention of reproductive problems and the reduction of feed costs (Whittemore et al., 1988) . It is only recently that the behavioral consequences of this feed restriction have been considered.
Animals whose feed intake is restricted such as sows and broiler breeders, commonly develop oral stereotypies. Sows typically manipulate the restraining tether chain, bite or chew the bars of the stall, or "sham" chew (i.e., perform chewing without anything in their mouths) all in a stereotypic manner (Fraser, 1975; Cronin, 1985; Rushen, 1985) . They also manipulate drinkers and perform apparent drinking. The temporal patterning of these drinking activities and the amounts of water apparently consumed indicate that this behavior is not controlled by normal regulatory mechanisms and can, therefore, be regarded as a stereotypy (Terlouw et al., 1991a,b,c) .
Stereotypies in sows tend to occur during the postfeeding period (Rushen, 1984 ; see also below), in a consistent sequence of different behaviors (Terlouw and Lawrence, unpublished data) . Nosing and rooting the feed trough and drinking tend t o occur immediately after the meal, whilst later after the delivery of feed sows show persistence in drinking and in addition manipulate other items in the pen, such as chains.
The time spent in stereotypies by gilts (nulliparous sows) has been shown to be negatively correlated to their feed allowance with high levels of stereotypy occurring at commercial levels of feed restriction (Appleby and Lawrence, 1987) . Gilts whose feed intake is restricted have also been shown to develop oral stereotypies both in tether and loose pens, in contrast to gilts fed larger amounts of feed, which show little tendency to develop stereotypies in either type of housing (Terlouw et al., 1991b) . This indicates that feed restriction can cause development of oral stereotypies in pigs across a range of housing types, and conflicts with the view that tethering in itself is a necessary prerequisite for development of stereotypies in sows (Cronin, 1985) . Similarly, in fowl (Savory et al., 1992) and pigeons (Palya and Zacny, 1980) feed restriction is an important factor in the development of oral stereotypies.
The rather clear relationship between feed restriction and development of stereotypies seems to indicate that there is a straightforward link between feed restriction and stereotypies. In contrast we suggest that stereotypies are likely to result in a complex way from a number of interacting processes, the most obvious of which we will discuss below (see also Duncan et al., 1993; Rushen et al., 1993) .
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Specific Motivational Processes Involved in Development o f Stereotypes
Negative Feedback Effects. There is considerable evidence that animals are sensitive to both specific and general nutrient deficit (see for a review), and we should expect restrictive feeding regimens to increase feeding motivation in response to the reduced level of negative feedback from the meal. Level of operant responding for feed is commonly used as an index of feeding motivation (Teitelbaum, 1966) . In a series of experiments, the commercial level of feed restriction for sows has been shown to result in high levels of operant responding ( o r feeding motivation) even immediately after the end of the meal, suggesting that feed restriction gives rise to high and sustained levels of feeding motivation throughout the day (Lawrence et al., 1988 . In these operant studies the feed intake of animals was only restricted for relatively short periods of time ( 1 wk) and sows that are maintained on restricted feeding levels for long periods might show adaptation to feed restriction. However, sows whose feed intake was restricted have been shown to increase their feeding rate over pregnancy relative to sows on a higher nutritional plane (Terlouw et al., 1991b ; Figure 11 , and because feeding rate apparently reflects feeding motivation (Savory, 19881 , these results suggest that the effects of feed restriction on feeding motivation may in fact increase with time. Similarly, broiler breeders showed high levels of feeding motivation throughout the day in response t o commercial levels of feed restriction (Savory, 1992 ) .
Summarizing, there is evidence to suggest that sows and broiler breeders are offered amounts of feed too small to satisfy the animal's assessment of its nutritional requirements, and this is reflected in enhanced feeding motivation. Hughes and Duncan ( 1988) have suggested that stereotypies develop because of the persistence of strong internally controlled motivations, and stereotypies in animals whose feed intake is restricted may, therefore, be the expression of this feeding motivation. However, although internal nutritional state clearly has an important influence on feeding motivation, it would be wrong to over-emphasize its importance. Current motivational models stress the role of external as well as internal factors in eliciting and maintaining motivations (Toates, 1986; Hughes and Duncan, 1988) . For example, in the state-space approach of McFarland and his colleagues (McFarland and Sibly, 1975) motivational tendency is seen as the product of the animal's internal state (e.g., hunger) and external stimuli. The multiplicative interaction of internal and external factors allows the same level of feeding tendency to arise in a n animal with a high degree of hunger exposed to a feed-related stimulus with low incentive value, as with a low degree of hunger and a high incentive (see Rushen et al., 1993 for a recent review; Figure 2 ). It is, therefore, important to consider the interaction between the animals' internal hunger state and the sensory feedback from feeding and feed-related cues on feeding motivation and performance of stereotypies.
Positive Feedback Effects. Stereotypies in animals whose feed intake is restricted are now well known to occur largely after, rather than before the meal (Palya and Zacny, 1980; Rushen, 1984 Rushen, , 1985 Jensen, 1988; Terlouw et al., 1991a; Kostal et al., 1992 ; Figure 3 ). This is an important observation in emphasizing that feeding motivation and consequent performance of stereotypies are not simply related to nutritional status, as it might be expected that feeding motivation will be reduced in the postfeeding period. Furthermore, we have recently demonstrated that ingestion of food specifically elicits stereotypies in sows (Terlouw et al., 19931 , suggesting that stereotypies in part
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Hunger Figure 2 . The relationship between an external stimulus (incentive), an internal state (hunger), and feeding motivation proposed in the "state-space" motivational model (McFarland and Sibly, 1975) . Feeding motivation (or tendency] is derived as the product of incentive and hunger; points of similar feeding motivation (e.g., A and B) are linked by a motivational isocline. reflect motivational changes induced by feeding behavior.
One explanation for the temporal patterning of stereotypies in animals whose feed intake is restricted is that they reflect heightened feeding motivation after feeding. This could arise partly through the too small meal generating insufficient negative feedback from digestion to reduce feeding motivation below the level of other competing activities. It could also result from positive feedback, because there is evidence that the performance of feeding can serve to increase underlying feeding motivation (Wiepkema, 1971 ).
Houston and Sumida (1985 1 have suggested that feeding tendency reflects the opposing effects of positive feedback from performance of behavior and negative feedback from ingestion of food. Thus, although with ad libitum access to feed, negative feedback will come to override positive feedback effects, in animals whose feed intake is restricted a small meal may actually induce an increase in feeding motivation at least in the short-term (Lawrence et al., 1988) , allowing aspects of feeding behavior to persist for a period of time after the meal (Van der Kooy and Hogan, 1978; Hughes and Duncan, 1988) .
Interactions between Feeding and Drinking Motiva-
tion. Another effect of ingestion of feed is its stimulatory effects on thirst [Toates, 1978) . For example, Terlouw and Lawrence (unpublished data) found that high-fed as well as low-fed sows, performed significant amounts of drinking activity immediately after the meal, suggesting that drinking in the immediate postprandial period in sows is likely to be under the drinking (---; liters of water apparently consumed every hour) in tethered, second-parity sows whose feed intake was restricted In = 16). The data were collected using an automatic system that recorded chain manipulation and apparent drinking for 16 sows every minute during 24-h periods (After: Terlouw et al., 1991a) .
direct control of drinking motivation. However, in the longer term following the meal, although high-fed sows ceased to drink and increased lying behavior, low-fed sows persisted in drinking (Terlouw and Lawrence, unpublished data) . This sustained drinking in the low-fed sows is unlikely to reflect metabolic requirements (see Terlouw et al., 1991a,b,c) and cannot, therefore, be under control of drinking motivation, suggesting that it is most probably controlled by the feeding motivational system. Thus, an interpretation of postfeeding stereotypes in sows whose feed intake is restricted is that feeding has the dual effects of increasing feeding and drinking tendencies. Sows ingest water thereby reducing drinking tendency, whereas feeding tendency remains high and is directed to available, alternative stimuli such as drinkers and chains; the choice of stimuli perhaps reflecting the sensory feedback from performance of the behavior (Dantzer, 1986; . The heightened feeding motivation resulting from positive feedback, causes the animal to maintain feeding motivation after the meal, even with such low incentive stimuli as chains.
This suggests that stereotypies in sows and broiler breeders, do not in general occur before feeding or at other times because the feeding system is not sufficiently "primed" for low incentives to elicit feeding responses. It is relevant here to note that operant studies of feeding motivation only indicate the level of feeding motivation after contact and consumption of feed but not in the absence of feed. These data are a good assessment of feeding motivation in the immediate postfeeding period but tell us less about feeding motivation in the animal waiting to be fed or having been fed some hours before.
Preprogramming of Behavior. In addition to the effects of positive and negative feedback it may be that the organization of feeding behavior is, at least partly "preprogrammed" ( o r genetically encoded). There are a number of observations indicating that sequences of feeding behavior are not completely flexible and that animals will show persistence of feed seeking behavior even when this delays the delivery of feed. For example, Timberlake (1983) trained rats to expect a feed reward after a small metal ball had been allowed to roll down a channel and pass through their cage. Over time the rats began to express feeding behavior (e.g., digging, carrying, etc.); with the ball-bearing, which led to delay of feed rewards. This apparent "misbehavior" (Breland and Breland, 1961) has been explained on the basis of positive feedback from appetitive sequences of behavior (Hughes and Duncan, 1988 ). Another possibility is that aspects of appetitive behavior are obligatory or genetically preprogrammed. For example, appetitive feeding behavior may form a preprogrammed loop within the feeding system, such that consumption of feed must be followed by appetitive behavior until stimuli alert the animal t o the presence of feed that it then consumes (Morgan, 1975; Gardner and Gardner, 1988) . Entry into the program could be dependent on the animal achieving a sufficient level of positive feedback from performance of behavior.
The preprogramming of feeding responses may have a role in postfeeding stereotypies . After the feeding program is initiated, the organization it imposes could dictate that the animal persists in a certain sequence of behavior, the absence of feed prevents the animal from reaching the "natural end-point" of the program (Gardner and Gardner, 1988) . Preprogramming may also explain the marked species differences in the temporal patterning of stereotypies related t o feeding motivation. Carnivores, such as large cats, tend to perform pacing stereotypies before the meal (Meyer-Holzapfel, 1968 ) as opposed to the postfeeding stereotypies seen in pigs and poultry. This may reflect differences between these species in the temporal patterning of appetitive and consummatory responses found under less constrained circumstances (Terlouw et al., 1991b) .
Although positive feedback and preprogramming can account for short-term persistence of feeding activity in animals whose feed intake is restricted it is STEREOTYPIES IN PIGS 2819 less clear that they can fully explain the longer-term repetition and persistence stereotypies following a meal. Positive feedback effects seem to show fairly rapid decay after the end of the activity (McFarland, 1989) , such that even with an absence of negative feedback from ingestion of feed, positive feedback from feeding itself could not maintain feeding tendency in the longer-term. At present we do not know whether the positive feedback arising from "alternative feeding responses" such as chain manipulation is sufficient to maintain feeding motivation. There is also no evidence to suggest that misbehavior will persist in the long term where there is complete absence of reward as in the case of food-restricted animals. In the next section we will discuss other processes that may be involved in controlling longer term repetitiveness and persistence.
Nonspecific Factors Controlling the Long-term Repetition and Persistence of Stereotypies
Behavioral Arousal
The existence of a general arousal state remains a matter of considerable debate (see Vanderwolf and Robinson, 1981 for a review). However, there is little doubt that certain circumstances can give rise to behavior that is not wholly explainable solely in terms of specific motivations. Roper (1980) cited a number of examples that suggest the existence of nonspecific excitatory effects including the responses of animals to mild peripheral stimulation, electrical stimulation of the hypothalamus, intermittent schedules of reinforcement, and conflict and thwarting. For example, after a disturbance animals often perform behavior such as feeding that seems to have little relevance to the situation. This behavior is often performed in a speeded up manner. Thirsty rats that have been prevented from drinking perform a variety of other activities including eating, exploration, and grooming all of them performed at a faster "local rate" than normal (Roper, 1984) .
Fentress (1973 reviewing specific (motivational) and nonspecific factors in the causation of behavior argues that there are good arguments to suppose that both types of control exist, for example to ensure effective integration between behavioral systems (Figure 4 1. Furthermore, although motivation directs the animal's behavior toward appropriate goal-objects, it must also involve the preparedness of the animal to be active, thereby linking motivation to an excitatory effect (Fentress, 1973; Kandel, 1979) . Fentress ( 1973) has further suggested that activation of one motivational system may produce relatively diffuse excitatory ( a s well as inhibitory) effects on other motivations. When we use the term behavioral arousal it will be to refer to these nonspecific internal effects A and B) have specific inputs relating to both external (e.g., sensory qualities of foods) and internal (e.g., protein deficit) stimuli; each system controls a set of behavioral elements. Each motivational system also has its own specific arousal system (x and y). The arousal systems overlap allowing nonspecific arousal effects (see also Fentress, 1973; Roper, 1980) . that modulate the expression of specific motivational states by affecting the general activity of the animal. It is worth noting that arousal as defined here need not constitute a unified process or state (Kandel, 1979) .
Arousal has been invoked on a number of occasions to explain properties of stereotypies. Odberg ( 19 7 8) in attempting to find unifying principles for the development of stereotypies suggested that frustration and its arousing effects was a common feature that linked different forms of stereotypy. More recently, Dantzer ( 1986) has suggested that the "general arousal engendered by the environment" elicits behavioral responses that depend on the environmental stimulation and the disposition of the animal. One test of the role of arousal in stereotypies is the demonstration that stereotypes can be elicited by nonspecific stimuli. For example, Fentress (1976) described in zoo animals with locomotory stereotypies that a range of stimuli could result in stereotypies, and Odberg ( 1987) and Cooper ( 1992) have found that jumping stereotypies in voles could be elicited by moving the home cage or by rattling a pen on the top of the cage. However, Terlouw et al. (1993) have recently reported that in sows stereotypies were not elicited by a non-feed related arousing stimulus ( a loud and novel sound). In contrast, ingestion of feed elicited both chain manipulation and drinking. This suggests that in sows, stereotypies are only specifically elicited by ingestion of feed, although it may have been that the nonspecific stimulus was simply insufficiently arousing.
Clearly there is insufficient empirical evidence to be certain of the role of nonspecific factors in stereotypies; however, the evidence for the existence of nonspecific links between motivational states means that we should not discount that stereotypies in part reflect behavioral arousal. One influence of arousal in stereotypies may be in preventing the animal from resting. Brief encounters with reinforcers such as feed have been shown to increase activity (Killeen et al., 1978) . As a result the small meal could result in animals whose feed intake is restricted having an increased tendency to engage in active behaviors, facilitating performance of behaviors with a high motivational tendency .
Learning
Learning involves the "shaping" of behavior such that the animal becomes more efficient a t achieving its motivational goals. Relative to motivation, learning can be seen as a more long-term process that is more difficult to reverse. For example, rats trained for long periods of time t o make a discrimination find it much harder to reverse this learning than rats given less practice but which are equally effective a t the task (Adams, 1982) . It is as though when learning a new association, animals process this information at a more cognitive level allowing them to alter the association more easily. With longer training, the association gradually becomes habit and less open to change.
Stereotypies in some senses seem to be an extreme form of the shaping of behavior in that the animals' behavioral repertoire is markedly reduced, being concentrated on just a few behavioral elements. The possibility that learning is involved in stereotypies has been raised by a number of authors. For example, Wiepkema ( 1987) proposed that stereotypies are a form of habit, suggesting on the basis of the work of Benus (1988) and others, that certain individuals may be more likely to develop habits and routines than others. Dantzer (1986) has proposed that stereotypies arise through sensitization. The term sensitization has been used to refer to a form of nonassociative learning, where presentation of a strong or novel stimulus results in enhancement of a reflex response to either that or to other stimuli. For example, feed stimuli positively sensitize biting in Aplysia with the latency of responses decreasing and the number of responses increasing with continued exposure to the feed (Kandel, 1979) . Sensitization is also used to describe the changes a t a neural level, which increase the probability of certain neural responses (Kandel, 1979; Cabib, 1993) . According to Dantzer's ( 1986) hypothesis repeated stimulation of certain neural structures will lead to their sensitization, thereby increasing the likelihood of them, and the behavior they control, being activated (see also Cabib, 1993) . The process of sensitization described by Dantzer (1986) seems to be dependent on the repeated stimulation of a subset of neural elements. One way for this to occur would be through restriction of the behavioral repertoire such that only a limited subset of behavior is performed. In the next section we describe how reduced behavioral variability may result from the interaction between the animal's motivational state, and environmental restriction on the behavioral output from that state.
Modification of Behavior by Environmental Constraints
So far, the processes we have proposed to be involved in the development of stereotypies suggest that the control of stereotypies is broadly analogous to that for feeding under other less constrained circumstances. In fact, as is well documented, sows that are maintained under extensive conditions and whose feed intake is restricted forage for considerable periods but do not show development of stereotypies (Stolba and Wood-Gush, 1984 ). An important, almost too obvious, factor in determining whether stereotypies arise in an environment will be the degree of constraint placed on the expression of behavior. Under free-ranging conditions a behavior such as foraging will be responsive to a variety of environmental cues related to feed acquisition and consumption. To be a successful forager the animal must adjust its behavior to these cues (Lea, 1979) . In contrast, the physically restrictive environments typically used to house farm livestock are considerably less variable and more static, providing only a few incentives with which the animal can perform feeding behavior. The result of this environmental constraint may be that strongly motivated behavior is highly modified or "channelled by the environment into the few simple behavioral elements "allowed by the available incentives ( Figure  5) . Thus, the behavioral variability (repetitiveness) of foraging sequences should reflect the variability of the foraging environment; foraging activities become progressively more repetitive as environments become less variable.
There are important conclusions arising from the channelling hypothesis. First, it proposes a cause for the restriction of behavior to only a few elements, allowing sensitization to occur as Dantzer ( 1986 1 suggested (see above). Channelling of the animal's behavior can be seen, therefore, as an essential first step in the sensitization process. Second, the degree of variability and repetiveness of a stereotypy may at least in part be a function of the environment's potential to channel behavior. A similar point has been made by Hediger (1955) and Morris (19641, who pointed out that the pacing of a large carnivore in a small cage cannot be expected to be particularly variable due to the restrictions placed on the behavior by the environment. Finally, channeling may be critical in determining the overt behavioral content of a stereotypy. One of the predictions of channeling is that different motivational states will result in similar 
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of the channeling process. In a variable environment (a] the foraging pig uses a range of appetitive and consummatory responses to obtain feed items, selecting from the various behavioral elements in response to environmental cues. In a restrictive environment (b) strongly motivated behavior is highly modified or channeled by the environment into a few simple behavioral elements "allowed" by the available incentives. Channeling is a prerequisite for sensitization (Dantzer, 1986) to occur, whereby repeated stimulation of the underlying neural elements leads to the behavior being more easily elicited and maintained. Figure 6 . A summary of the approach suggested in the present paper. See the text for details. Specific motivational processes are outlined in plain boxes, nonspecific processes in three-dimensional boxes. The interaction with the environment is indicated with shadowed, three-dimensional boxes. Hunger is used to refer to the internal stimuli (e.g., energy status) that input stereotypies in the same environment, whereas the same motivation will give rise to different stereotypies in different environments. Thus, where the animal is given sufficient space it may develop a pacing stereotypy based on escape behavior, whereas under conditions of close confinement escape behavior, as with feeding motivation may be channeled into oral stereotypy. At present we have little idea of the limits to channeling in terms of the capacity of different behaviors to be modified by the environment. It may be that there are limitations to channeling partly in the form of species constraints and the requirement for sufficient incentive to maintain specific motivations. The concept of channeling clearly indicates that there is considerable danger in using observed behavior under restrictive conditions to implicate underlying motivational states.
Conclusions
This review presents the possibility of linking together a number of different processes in the development and continued persistence of stereotypies in animals whose feed intake is restricted. We have summarized our ideas in Figure 6 , building on previous models of Hughes and Duncan ( 1 9 8 8 ) and Dantzer (personal communication) .
to the feeding motivational system. We suggest that in the sow, and probably other animals whose feed intake is restricted such as broiler breeders, that feeding motivational processes underlie the development of stereotypies. The effect of restrictive feeding regimens is to elevate the internal hunger state in the long term, reflecting the cumulative difference between the animal's perception of its nutritional requirements and its actual intake . The presentation of feedrelated cues and the ingestion of feed have positive feedback effects that elevate feeding tendency resulting in an enhanced tendency to perform feeding responses in the postprandial period; the lack of negative feedback from the meal contributes to the persistence of the positive feedback effects (Hughes and Duncan, 1988) . The animal may thus be able to maintain feeding-related activities despite the presence of only low incentive stimuli. Drinking behavior, probably initially under the control of the drinking system, may also become an expression of feeding behpvior after metabolic water requirements are met. Preprog,.amming of feeding responses, by dictating certain sequences of behavior, may also contribute in the short term to the tendency to perform feeding responses after the meal . Using Odberg's (1993) term these specific motivational processes are important in eliciting feeding type responses. In addition to these processes that are rather specific to feeding motivation, it seems likely that nonspecific processes may also contribute to the persistence of stereotypes . Behavioral arousal may be of importance by reducing the tendency to rest and thereby facilitating performance of active behaviors with a high motivational input . Persistence may also arise through sensitization of the neural elements underlying the behavior (Dantzer, 1986) . However, for sensitization to occur as Dantzer ( 1986) suggests the behavioral repertoire of the animal must first be substantially reduced and simplified. Another crucial factor in the development and persistent performance of stereotypies, is therefore the channeling of complex behavior by the environment into a few and often performed sequences of behavior.
There are large individual differences in development of stereotypies when animals are kept under comparable conditions (Appleby and Lawrence, 1987) and the study of these individual differences is likely to yield important developments in our understanding of stereotypies in the future (Dantzer, 1989) . One advantage of the approach outlined here is that the different levels at which individual differences might be important can be readily identified. For example, individuals may differ in some aspect of their feeding motivation (Lawrence et al., 1988) or in their predisposition to sensitization (Mason, 1991) . Dantzer (1986) has implicated central dopamine in sensitization and Terlouw et al. ( 1 9 9 2~) have shown that in sows development of chain and drinking activities is related to amphetamine ( a n indirect dopamine agonist) sensitivity, although in a complex way. Future research should consider interindividual variability in the different processes outlined here and their relationship to development of stereotypies.
With respect t o the generality of our approach, clearly not all stereotypies are based on feeding behavior . This of course does not preclude the possibility that all stereotypies are based on a specific motivational state, and that the basic principles of this approach apply in other species and circumstances. To test our approach future research must move on from the observational studies used in the past (see Lawrence and Rushen, 19931 , to experiments that manipulate specific and nonspecific motivational processes that control behavior under a range of environmental conditions. Applied behavioral scientists who work with farm animals must begin to study stereotypes in a wider context than within current housing systems.
We should address whether we have made any progress in our understanding of the relationship between stereotypes and welfare. At one level our approach suggests that stereotypies are a form of motivated behavior channeled by the restrictive environment, and probably facilitated by the excitatory effect of behavioral arousal. In general we have at present little understanding of the relationship between stress and stereotypies (Dantzer and Mittleman, 19931 , and there is no information on whether the various processes we have suggested as being involved in stereotypies, such as channeling and arousal, have accompanying negative affective aspects. At the present time we are unable to be definitive about the relationship between stereotypies and suffering, However, if we should accept that stereotypies are t o be prevented for whatever reason, then our improved understanding of the behavioral mechanisms of stereotypies should assist in reducing or even eliminating these behaviors in farm animals.
The recent advances in our understanding of the causation of stereotypies in pigs reviewed here, suggest that it is possible to conceive of practical approaches to reduce or eliminate performance of these behaviors (see Duncan et al., 1993) . Because evidence indicates that specific motivations underlie the behavior, one approach would involve reducing the levels of inputs to the causative motivation. In sows and broiler breeders that is unlikely to involve increasing feed allowances for economic or production reasons (Lawrence et al., 1988) . Another methodology might involve diluting diets (e.g., Brouns et al., 1991) and there are some indications that with the appropriate "bulky" food (e.g., sugar beet) that this can reduce feeding motivation (Brouns et al., 1992 ). An alternative to reducing the underlying motivation, would be to allow that state to be expressed in such a way that it is not channeled by the environment. One example of this approach is the "Edinburgh Foodball" (U.K. patent no. 9200499.3), a foraging device that requires animals to perform reasonably complex foraging behavior over extended periods of time to receive feed rewards (Young et al., 1993) . We predict that the use of such devices, that allow for more varied and speciestypical expression of strong motivations, will prove to be an effective means to reduce stereotypies (see Kastelein and Weipkema, 1989) .
Implications
The approach in this paper represents an attempt to "model" various behavioral processes that may be involved in the development and persistence of stereotypies in pigs. The model makes a number of points that have scientific and(or) applied implications. In scientific terms it generates a number of hypotheses on the respective roles of feeding motivation, arousal, and channeling in development and performance of stereotypies in sows that should be testable under experimental conditions. In a practical sense it suggests that stereotypies in caws can be eliminated either by reducing feeding motivation or by allowing the expression of foraginglfeeding behavior in a complex way that prevents the behavior being channeled by the environment.
